Spectral and geographical domain coordination for IMT-advanced compatibility with point-to-point fixed service by A. Shamsan, Zaid et al.
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/228668569
Spectral	and	geographical	domain	coordination
for	IMT-advanced	compatibility	with	point-to-
point	fixed	service
Article	·	July	2009
CITATIONS
0
READS
25
3	authors:
Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:
Rain	Attenuation	View	project
5G	Fixed	Beam	Switching	on	Microstrip	Patch	Antenna	View	project
Z.A.	Shamsan
University	Teknologi	Malaysia	(Malaysia),	Tai…
41	PUBLICATIONS			202	CITATIONS			
SEE	PROFILE
Tharek	Abd	Rahman
Universiti	Teknologi	Malaysia
303	PUBLICATIONS			1,287	CITATIONS			
SEE	PROFILE
M.R.	Kamarudin
Universiti	Teknologi	Malaysia
228	PUBLICATIONS			1,404	CITATIONS			
SEE	PROFILE
All	content	following	this	page	was	uploaded	by	Z.A.	Shamsan	on	15	February	2017.
The	user	has	requested	enhancement	of	the	downloaded	file.	All	in-text	references	underlined	in	blue	are	added	to	the	original	document
and	are	linked	to	publications	on	ResearchGate,	letting	you	access	and	read	them	immediately.
Spectral and Geographical Domain Coordination for IMT-Advanced 
Compatibility with Point-to-Point Fixed Service 
  
ZAID A. SHAMSAN, THAREK ABD RAHMAN, MUHAMMAD R. KAMARUDIN 
Wireless Communication Centre (WCC), Faculty of Electrical Engineering 
Universiti Teknologi Malaysia (UTM) 
81310 UTM, Skudai, Johor  
MALAYSIA 
shamsan22@yahoo.com 
 
 
Abstract: - Frequency intersystem interference is a phenomenon caused by coexistence of multiple wireless 
systems in same or adjacent areas. Consequently, frequency sharing studies play a very important rule in order 
to use limited spectrum resources efficiently. Because an International Mobile Telecommunication-Advanced 
(IMT-Advanced) systems are going to use 3500 MHz according to World Radiocommunication Conferences 
2007 (WRC-07) decision along with point-to-point Fixed Wireless Access (FWA) system, which currently 
allocated in the same band, the frequency sharing between IMT-Advanced and FWA is essential. This paper 
investigates the spectrum sharing requirements in different terrestrial areas using interference to noise ratio 
criterion. Three methods of investigation of the interference, co-channel, null-guard band, and adjacent 
channel, have been proposed to investigate the phenomenon in the frequency and space domains to obtain 
correlation between the minimum separated range of base stations antennas and the frequency separation. Off-
axis angles direction alignment is also proposed to reduce the necessary coordination separation distance and 
frequency separation for good enough coexistence between systems. 
 
Key-Words: - Zero-guard band, Co-channel, Adjacent channel, Interference, I/N ratio, Separation distance, 
Off-axis angles direction alignment. 
 
1   Introduction 
It is predicte that the development of International 
Mobile Telecommunications-2000 (IMT-2000) will 
reach a limit of around 30Mbps [1]. IMT-Advanced 
is a concept from the International 
Telecommunications Union (ITU) for mobile 
communication systems with capabilities which go 
more beyond than that of IMT-2000. IMT-Advanced 
was previously known as “systems beyond IMT-
2000” [2]. In the vision of the ITU, IMT-Advanced 
as a new wireless access technology may be 
developed around the year 2011 capable of 
supporting even higher data rates with high 
mobility, which could be widely deployed about 6 
years (from now) in some countries. The targeted 
capabilities of these IMT-Advanced systems are 
envisioned to handle a wide range of supported 
carrier bandwidth: 20MHz up to 100MHz and data 
rates with target peak data rates of up to 
approximately 100 Mbps for high mobility such as 
mobile access and up to say 1 Gbps for low mobility 
such as nomadic/local wireless access [2]. However, 
initially scalable bandwidths from 5 to 20MHz will 
be supported. 
As a result of the work performed within ITU-R 
Working Party 8F (WP8F), the frequency band of 
3400-3600 MHz has been identified as one of the 
allocated bands for the future development IMT-
Advanced services [3]. This band is already being 
used for Fixed Wireless Access (FWA) systems in 
many countries around the world. Therefore, the 
spectrum allocation should be preceded by sharing 
and coexistence studies between FWA and IMT-
Advanced systems on co-primary basis. 
From a technical point of view, spectrum sharing 
studies and analysis aim to identify technical or/and 
operational compatibilities that will enable radio 
services to operate in the same or adjacent frequency 
bands without causing unacceptable interference to 
each other. Repeatedly, sharing becomes possible 
when limits are placed on certain system parameters 
- for example, antenna height, transmission power or 
antenna pointing. 
The 3500 MHz frequency band is characterized by 
excellent features [4-6] such as, lower atmospheric 
absorption, high degree of reliability, wide coverage, 
and low rain attenuation particularly in tropical 
geographical areas. Some of recent coexistence 
studies which were carried out in the band (3.5 
GHz) are in [4, 7-10]. In [7], BWA system 
represented by FWA is studied to share the same 
band with point-to-point fixed link system also to 
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determine the minimum separation distance and 
frequency separation. In this paper, different 
geographical deployment areas which are dense 
urban, urban, suburban, and rural area are analyzed 
to see the required intersystem interference 
requirements between two systems. Depending on 
systems specifications, spectral emission mask, free 
space and clutter loss propagation model, and 
frequency offsets from the carrier frequency, various 
geographical areas are proposed to study their 
effects on spectrum sharing of the band 3.5 GHz. 
Mobile Worldwide Interoperability for Microwave 
Access (WiMAX) is one the candidate technology 
for IMT-Advanced systems; therefore some 
parameters of WiMAX will be used instead of IMT-
Advanced which are not officially released. 
The reminder of this paper is structured as follows: 
In Sections 2 and 3, the intersystem interference and 
coexistence model will be presented and includes 
sharing criterion, interference assessment and 
coexistence wave propagation model. Coexistence 
scenarios, parameters and used assumptions will be 
presented in Section 4. In Section 5, intersystem 
interference scenarios and simulation results will be 
made. Finally, the paper conclusions are presented 
in Section 6. 
                
2   Intersystem Interference 
Signal interference is a phenomenon which usually 
occurs as a result of overlapping frequencies sharing 
the same physical environment at the same time 
with overlapping antenna patterns which leads to 
capacity loss and coverage limitation.  In a single 
system, the main type of interference is intra-system 
interference, while if two systems coexist in the 
same geographical area and using the same 
frequency or an adjacent frequency, the interference 
is called intersystem interference [11-16].  Many 
factors may influence the capability of two systems 
to coexist while operating in co-frequency and 
adjacent frequency bands.  These include  lack of 
RF isolation, RF front-end filters’ imperfections 
(transmitter out-of-band emission level, and receiver 
selectivity), antenna polarization, interference 
cancellation techniques, and deployment factors, 
which results in the performance level degradation 
of one or both systems [17-22]. 
 
3   Coexistence Model 
 
3.1 Interference Criterion  
The two systems can peacefully coexiste if the 
sharing fundamental criterion is achieved. The 
coexistence and interference protection criteria can 
be defined as an absolute interference power level I, 
interference-to-noise power ratio I/N, or carrier-to-
interfering signal power ratio C/I [23]. ITU-R 
Recommendation F.758-2 details two generally 
accepted values for the interference–to–thermal-
noise ratio (I/N) for long-term interference into fixed 
service receivers. This approach provides a method 
for defining a tolerable limit that is independent of 
most characteristics of the victim receiver, apart 
from noise figure. Each fixed service accepts a 1 dB 
degradation (i.e., the difference in decibels between 
carrier-to-noise ratio (C/N) and carrier to noise plus 
interference ratio C/(N + I)) in receiver sensitivity. 
The main scenarios, co-channel interference, zero-
guard band interference, and adjacent channel 
interference can be considered for sharing studies. 
An I/N of –6 dB is the fundamental criterion for 
coexistence [23-25], so it should be:  
 
                      NI                                    (1) 
 
Where I and N are the interference level at victim 
receiver and thermal noise floor of receiver, 
respectively, in dBm. α is the protection ratio in dB. 
The protection value of -6 dB means that the 
interference must be approximately 6 dB below 
thermal noise. This value [29] can be justified as 
follows,  
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3.2 Interference Assessment 
The interference level from co-channel or adjacent 
channel scenario is given be: 
 
    LossesCorr_bandΔfMaskGrGtPtΔfI 
(3) 
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Where Pt is the transmitted power of the interferer 
in dBm, Gt and Gr are the gains of the interferer 
transmitter antenna and the victim receiver antenna 
in dBi, respectively. Mask(∆f) represents attenuation 
of adjacent frequency due to mask where ∆f  is the 
difference between the carriers of interferer and the 
victim. Mask(∆f)  is defined as the spectral power 
density mask within a typically   250 % of the 
relevant channel separation (ChS) which is not 
exceeded under any combination of service 
types and any loading. The attenuation due to 
normalized mask is derived by using the equations 
of a straight line as follow: 
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Where 01.0 kk . 
 
Corr_band denotes correction factor of band ratio 
and depends on bandwidth of interferer and victim, 
where 
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Losses is the attenuation due to the propagation in 
free space and clutter loss as shown in (10). 
 
3.3   Noise and Thermal Noise Floor 
Assessment 
Electronic circuits and receivers are affected by a 
variety of noise sources.  In terms of electronic 
receivers, noise can be separated into two groups: 
thermal noise (also called internal noise, caused by 
electronic devices themselves), and the 
environmental noise (atmospheric, cosmic, man-
made, etc.).  Thermal noise is a function of a random 
movement of particles in the medium in which the 
signal is travelling. Roughly speaking, thermal noise 
dominates the other sources for frequencies above 
few hundred MHz.  Therefore, noise-limited 
electronic detection can be grouped into thermal-
noise-limited detection (e.g., microwave receivers) 
and environmentally noise-limited detection (e.g., 
HF receivers, in the 3-30 MHz band) Thermal noise 
of a receiver is typically referred to the chain in the 
form of either system noise temperature or noise 
figure Characteristics of the noise specify the noise 
spectral density.  The noise power (floor), i.e., the 
minimum signal-detection limit, is equal to the 
bandwidth multiplied by the noise spectral density.  
Thermal noise is directly proportional to the receiver 
bandwidth, and can be calculated as  
 
                         N=kTB  [watt]                            (7) 
Where  
B= noise bandwidth [Hz] 
k=Boltzman's constant = 1.38×10
-23
 J/
o
K 
T = temperature in degrees Kelvin K.  
 
Thermal noise can be considered to be white noise 
(i.e., having a Gaussian amplitude distribution and a 
flat power spectral density, S (f) =kT). Since 
kT[dB]=-204 dBW/Hz at 300 
o
K, thermal noise can 
also be calculated as  
 
             
HzdB
BWN  204 [dB]                      (8) 
 
For example, the noise floor for 10 kHz FM, 2 MHz 
commercial GPS, and 6 MHz TV channels are N =-
l34dBm, N=-111 dBm, and N=-106 dBm, 
respectively. Where (X dB = X + 30 dBm).  
As a decibel scale, the thermal noise floor of 
receiver can be expressed as (9) and it depends on 
noise figure and bandwidth of victim receiver. 
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Where NF is noise figure of receiver in dB and 
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BWvictim represents victim receiver bandwidth in 
Hz.  
Increasing the noise floor by even a few dB may 
adversely affect existing licensed systems and their 
customers in a number of ways, such as: (1) 
coverage, (2) system capacity, (3) reliability of data 
throughput, and (4) quality of service (QoS).  It is 
found that a wireless access system employing 
measurement-based interference avoidance must 
detect energy of fixed wireless access and WiMAX 
transmissions far below the thermal noise floor of 
the wireless access system receivers.  However, this 
would increase receiver complexity such that 
interference from all other users will cause no more 
than 1 dB degradation to the fixed wireless access 
and WiMAX receiver threshold  
 
3.4   Coexistence Wave Propagation Model 
The standard propagation model agreed upon in 
European Conference of Postal and 
Telecommunications Administrations (CEPT) and 
ITU for a terrestrial interference assessment at 
microwave frequencies is clearly marked in ITU-R 
P.452-12 [26]. This model is used for this sharing 
and coexistence study and includes free space loss 
and the attenuation due to clutter in different 
environments according to the following formula: 
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Where d represents the distance between interferer 
and victim receiver in kilometers, f is the carrier 
frequency in GHz. dk denotes the distance in 
kilometers from nominal clutter point to the antenna, 
h is the antenna height in meters above local ground 
level, and ha is the nominal clutter height in meters 
above local ground level. In [26], clutter losses are 
evaluated for different categories: trees, rural, 
suburban, urban, and dense urban, etc. The 
considered four clutter categories, their heights and 
nominal distances are shown in Table 1.  
The percentage decrease in nominal distance 
between rural and suburban areas is about 75 %, 
similarly, between rural and both urban and dense 
urban and between suburban and both urban and 
dense urban is 80 % and 20 %, respectively. This 
difference in nominal distance is attributed due to 
clutter height which further depends on geographical 
regions such as rural, suburban, urban, etc. 
Generally, the clutter loss propagation model offers 
the following characteristics:  
 
Table 1  
Nominal clutter heights and distances 
Clutter  
Category 
Clutter height  
(ha) (m) 
Nominal distance  
(dk) (km) 
Rural 4 0.1 
Suburban 9 0.025 
Urban 20 0.02 
Dense 
urban 
25 0.02 
 
 
 a loss related to antenna height as a fraction 
of the local clutter height but which reduces 
with increasing distance from the clutter. 
 a region from 80% to 100% of nominal 
clutter height where a little additional loss 
was assumed due to uncertainties over 
actual clutter height. 
 a frequency-dependent maximum additional 
loss (20-40 dB for 0.7-40 GHz); this is 
significantly less than the normal diffraction 
loss that would exist where  it to be assumed 
that the interference arrived by a single path 
over the top of the clutter, and allowed for 
the problems represented in Figure 2.8 to be 
recommended. 
    
 
4   Coexistence Scenarios, Parameters 
and Assumptions 
The coexistence and sharing scenarios which can 
occur between IMT-Advanced and Fixed services 
are base station (BS)-to-BS, BS-to-subscriber station 
(SS), SS-to-BS, and SS-to-SS. As mentioned by 
previous studies [7-8, 12], BS-to-SS, SS-to-BS, and 
SS-to-SS interference will have a small or negligible 
impact on the system performance when averaged 
over the system. Therefore, the BS-to-BS 
interference is the most critical interference path 
between WiMAX and FWA, and will be analyzed as 
a main coexistence challenge case for two systems. 
The worst case for sharing between WiMAX and 
FWA is simulated where interfering and victim 
antennas are on opposite towers and directly 
pointing at each other (i.e. boresight-to-boresight 
alignment) [27-28]. All FWA links utilize 
directional antennas, however, antenna patterns are 
not considered at all except for the maximum 
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antenna gain in link budget, so it is assumed they are 
considered as omnidirectional in order to study the 
worst case scenario. The BSs parameters of two 
systems are detailed in Table 2 and formulas (1)-
(10). Spectral emission mask Type-G European 
Telecommunications Standardization Institute 
standard  EN 301021 (Type-G ETSI-EN301021) [4] 
is applied to interference from WiMAX, while 
Type-F ETSI-EN301021 [4] is applied when 
WiMAX is victim and FWA is interferer. 
Figure 1 depicts the spectrum emission mask 
overlapping between 5 MHz WiMAX channel 
bandwidth as an Interfering transmitter and 7 MHz 
point-to-point FWA channel bandwidth. In this case, 
the bandwidth overlapping correction factor gives a 
value of zero decibel because the interferer 
bandwidth is greater than that of the victim receiver. 
While Figure 2 depict the spectrum emission mask 
overlapping between 10 MHz WiMAX channel 
bandwidth as an Interfering transmitter and 7 MHz 
point-to-point FWA channel bandwidth. A 1.5 dB 
loss in the power of interfering signal is occurred as 
a result for this overlapping. 
 
 
Figure 1. Bandwidth overlapping between 5 MHz 
WiMAX channel bandwidth as an interferer and 7 
MHz FWA channel bandwidth as a victim 
 
  
5   Results and Discussions 
 
5.1   Different Antenna Heights and Terrestrial 
Area Effects 
It can be extracted from Figs. 3-5 that antenna 
height has a great effect on the coexistence scenario 
and thus the required minimum separation distance 
for the same interference scenario varies according 
to change in antenna height. Any increase in 
separation distance between systems in a 
deployment area for an interference scenario can be 
compensated by decreasing or increasing the 
antenna height in another deployment area in order  
 
 
Figure 2. Bandwidth overlapping between 10 MHz 
WiMAX channel bandwidth as an interferer and 7 
MHz FWA channel bandwidth as a victim 
 
 
Table 2 
WiMAX and FWA systems parameters used 
Parameter 
 
Value 
WiMAX FWA 
Center frequency of 
operation (MHz) 
3500 3500 
Bandwidth 
 (MHz) 
10 7 
Base station  transmitted 
power (dBm) 
43 35 
Spectral emissions mask 
requirements 
ETSI-EN301021 
Type G Type F 
Base station  antenna 
gain (dBi) 
18 17 
Base station  antenna 
height (m) 
Up to 30 
Up to 
30 
Noise figure of base 
station  (dB) 
4 5 
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to fulfill coexistence requirements. These figures 
also inform that at very short antenna height 
(approximately up to one and half meter especially 
in dense urban, urban, and suburban areas) and at 
high antenna height (approximately higher than 29 
m) all deployment areas provide same coexistence 
conditions and requirements with respect to distance 
and frequency separation.  
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Figure 3. Minimum required distance versus antenna 
height of FWA in dense urban, urban, suburban, and 
rural areas for co-channel interference scenario 
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Figure 4. Minimum required distance versus antenna 
height of FWA in dense urban, urban, suburban and 
rural areas for zero-guard band interference scenario  
 
 
Co-channel interference scenario within rural area is 
the most difficult scenario among other scenarios 
due to its need to a long coordination distance in the 
range 9920 km and 9941 km at 5 m and 25 m 
antenna height, respectively.  
Meanwhile, adjacent channel interference scenario 
with frequency offset from the carrier of 20 MHz in 
dense urban area shows the best coexistence 
scenario, for example, it needs 3.25 km and 30.7 km 
geographical separation at 5 m and 25 m antenna 
height,  respectively. 
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Figure 5. Minimum required distance versus antenna 
height of FWA in dense urban, urban, suburban, and 
rural areas for adjacent channel interference scenario 
 
 
5.2   Different Channel Bandwidth Effects 
In Fig. 6, the minimum separation distance in dense 
urban areas versus frequency separation from the 
carrier frequency is summarized for the three 
selected channel BW of WiMAX service. The 
results indicate that the required distance and 
frequency separation increase as interference 
bandwidth increases and vice versa. From Fig. 6, in 
order to initiate the operation of WiMAX and FWA 
simultaneously, the frequency offset has to be larger 
than half of the interferer nominal system BW. For 
example, for 5 MHz WiMAX channel BW it should 
be larger than 2.5 MHz. Frequency offset less than 
that would require very high separation distances. 
Furthermore, Fig. 6 verifies that the required 
separation distance goes more rapidly to be 
significantly smaller when the maximum frequency 
offset exceeds double of the interferer nominal 
system bandwidth. 
 
5.3   Antenna Discrimination Effects 
The resultant separation distances values are too 
large to be practically realizable especially in case 
co-channel intersystem interference. However, in 
WSEAS TRANSACTIONS on SYSTEMS Zaid A. Shamsan, Tharek Abd Rahman, Muhammad R. Kamarudin
ISSN: 1109-2777 850 Issue 7, Volume 8, July 2009
many cases the path between interferer and victim or 
the off-axis discrimination of their antennas may be 
sufficient to allow operation at very close proximity 
as depicted in Fig. 7.  
 
10
1
10
2
10
3
0
5
10
15
20
25
30
35
40
2.5
Minimum distance between interferer (WiMAX) and victim (FWA) (km)
F
re
q
u
e
n
c
y
 o
ff
s
e
t 
b
e
tw
e
e
n
 c
a
rr
ie
rs
 (
d
B
)
 
 
5 MHz WiMAX Channel bandwidth
10 MHz WiMAX Channel bandwidth
20 MHz WiMAX Channel bandwidth
 
Figure 6. Minimum separation distance in dense 
urban area versus frequency offsets when WiMAX 
is the interferer 
 
Antenna discrimination loss is resultant from the 
antenna direction of the interferer transmitter and 
victim receiver services which is dependant on the 
off axis angles Фi and θv as in Fig. 7. The effect of 
resultant loss caused by antenna alignment is 
investigated such that different losses ranging from 
10 dB to 50 dB are considered. Therefore, required 
separation distance for coexistence is decreased as 
interferer antenna radiation direction is modified to 
be more a way of the victim receiver.  Fig. 8 
clarifies that the required distance in case co-channel 
coexistence by applying 50 dB antenna 
discrimination loss for the three WiMAX channel 
bandwidths is significantly decreased from 3,147 
km, 2632 km, and 1861 km to 9.95 km, 8.324 km, 
and 5.886 km for 5, 10 and 20 MHz WiMAX 
channel bandwidth, respectively. 
Table 3 details the effects of antenna discrimination 
on coexistence required distance in dense urban area 
when interference falls down from 5 MHz, 10 MHz, 
and 20 MHz WiMAX system base station on 7 MHz 
FWA system base station. It can be observed that 
huge distances are required in case co-channel 
interference scenarios for different channel 
bandwidth. These distances are reduced to its 
minimum values by applying antenna discrimination 
as can be seen from Fig. 8. Similarly, the adjacent 
channel by guard band of 10 MHz represents a good 
situation and it requires a shorter distance than that 
of co-channel and zero-guard band. It can also be 
noticed that the wider the interfering bandwidth, the 
most interference effects 
  
  
Figure 7: Interference scenario for one interferer 
base station to victim station with off axis angles Фi 
and θv. 
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Figure 8. Antenna discrimination effects for co-
channel scenario when 5, 10 and 20MHz WiMAX is 
the interferer 
 
 
6   Conclusions 
Coexistence and intersystem interference 
coordination between IMT-Advanced and FWA 
systems on co-primary basis is difficult to be 
achieved and relies on many factors such as systems 
specifications, antenna height, propagation wave 
model, geographical area, interference type, etc.  In 
this paper, spectral emission mask model has been 
used with intersystem interference criteria I/N of -6 
dB, different interference scenarios and different 
receiver antenna heights for estimating the impact of 
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interference between IMT-Advanced represented by 
WiMAX and FWA service. Comparative simulation 
results showed that the separation distance decreases 
when the two systems are deployed in dense urban 
area while rural area represents a worse case for 
coexistence. Moreover, the clutter loss values 
present a constant value when the antenna height is 
higher than the clutter height, therefore the distance 
also become constant. Approximately, the distance 
remains constant for antenna height lower than 6 m, 
4 m, 2 m, and 0.5 m, and higher than 28 m, 24 m, 11 
m, and 5 m in dense urban, urban, suburban and 
rural geographical area, respectively. It can be 
concluded that the frequency offset has to be larger 
than half of the interferer nominal system BW for 
coexistence successfully. Frequency offset less than 
that would require very high separation distances. 
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